Infections continue to be a major cause of disease and contributor to death in patients on dialysis. Despite our knowledge and acceptance that hemodialysis catheters should be avoided and eliminated, most patients who begin dialysis initiate treatment through a central vein hemodialysis catheter. Dialysis Medical Directors must be the instrument through which our industry changes. We must lead the charge to educate our dialysis staff and our dialysis patients. We must also educate ourselves so that we not only know that our facility policies are consistent with the best evidence available, but we must also know where local and federal regulations differ. When these differences impact on patient care, we must speak out and have these regulations changed. But it is not enough to know the rules and write them. We must lead by example and show our patients, our nephrology colleagues and our dialysis staff that we always follow these same policies. We need to practice what we preach and be willing and available to redirect those individuals who have difficulty following the rules. In order to effectively change process meaningful data must be collected, analyzed and acted upon. Dialysis Medical Directors must direct and lead the quality improvement process. We hope this review provides Dialysis Medical Directors with the necessary tools to effectively drive this process and improve care.
Introduction
Health care-associated infections are among the most important preventable causes of dialysis morbidity and mortality (1) . Among patients undergoing hemodialysis, hospitalizations for infection have increased 43% since 1993, although the overall hospitalization rate and total hospital days have declined (2) . Mortality due to infection peaks in the second month after starting dialysis, at 43 deaths/1000 patient-years, and falls to 19.4 deaths/1000 patient-years after 1 year (2). Since 2000, prevalent hemodialysis (HD) patient mortality rates have declined by 21%. Nonetheless, only half of all patients who begin HD are still living 3 years later (2) , and infections cause or contribute to many of these deaths.
Medical Directors: Responsibilities and Importance as Role Models
The dialysis community and dialysis facility medical directors must do better. According to the Centers for Medicare & Medicaid Services (CMS) 2008 Conditions for Coverage (CfC) §494.150 Condition: Responsibilities of the Medical Director, "the dialysis facility must have a medical director . . . to be responsible for the delivery of patient care and outcomes in the facility. The medical director is accountable to the governing body for the quality of medical care provided to patients" (3) . Table 1 outlines the responsibilities set forth in the CfC.
To optimize an infection prevention program, dialysis facilities must change their culture. Culture change requires dedicated and committed leadership, which the medical director must provide. This is not an easy task, especially in light of the many other priorities competing for medical directors' time. To do this well, medical directors need to make infection prevention a priority. They must ensure that their dialysis providers set up evidence-based quality assessment and performance improvement (QAPI) systems and must lead the team, not only attend the QAPI meetings. Medical directors are uniquely positioned to guide and support the dialysis clinic's infection prevention team. Their understanding of epidemiology, microbiology, and pathophysiology, and their professional authority, carry with them the responsibility to champion this quality improvement activity. They need to be involved at every level: educating patients and staff, evaluating adherence to policies and procedures, ensuring that the QAPI process is optimized according to the needs of their clinic, and working with their local administrator and their dialysis provider to ensure that appropriate resources are available to run their program.
Medical directors can think about infection prevention principles in two broad program areas: those regarding patient care and those regarding the facility and its staff. Patient-related issues include those involving the HD access (minimizing the use of catheters, using the Centers for Disease Control and Prevention [CDC] "scrub the hub" protocol, and caring for the arteriovenous access) and immunization issues (screening and vaccination). Dialysis clinic-related issues include hand hygiene, environmental disinfection, cleaning and disinfection of dialysis equipment, modified contact precautions, isolating and cohorting patients, and antibiotic stewardship. This review contains data elements and tools that we have found to be effective. We hope that other medical directors will similarly benefit and use this information to drive the infection prevention process effectively and influence their dialysis providers to adopt programs that have been shown to improve care.
Patient-Related Issues Hemodialysis Access
Minimize Use of Dialysis Catheters. Cuffed and noncuffed catheters are 15 and 21 times more likely to become infected, respectively, than arteriovenous fistulae (4). In 2011, 81% of incident patients began HD using a catheter (1). Although patients who had been under the care of a nephrologist for more than a year were more likely to begin treatment using a fistula, 41% still start hemodialysis using a catheter only (2) . The prognosis of patients with CKD stage 4 and early stage 5 is uncertain; many die before reaching dialysis, and these numbers may grow in the wake of the Initiating Dialysis Early and Late (IDEAL) study and supporting observational data (5). Nonetheless, medical directors and staff nephrologists alike have an infection prevention opportunity to improve their own practice in preparing patients for dialysis, along with a public health opportunity in educating internists, family practitioners and the other subspecialists with whom they work. Predictive instruments are available to estimate the likelihood that a patient will survive to dialysis (6) . Patients should be educated about their dialysis access and what they can do to avoid infections (CDC's "Dialysis Patient Pocket Guide") (7) .
Perhaps the most important process to decrease the risk of catheter-related infections is to have a system in place to have permanent accesses placed as soon as possible and to have catheters removed as quickly as possible. Incident patients beginning HD with catheters should be closely monitored and counseled about their risks. Medical directors should ensure that their dialysis clinic staff assists these patients with the necessary steps (e.g., vessel mapping, access surgery appointments) to have a permanent access Medical director responsibilities include, but are not limited to, the following:
(a) Quality assessment and performance improvement program (QAPI) (b) Staff education, training and performance (c) Policies and procedures. The medical director must:
(1) Participate in the development, periodic review and approval of a "patient care policies and procedures manual" for the facility; and (2) Ensure that-(i) All policies and procedures relative to patient admissions, patient care, infection control, and safety are adhered to by all individuals who treat patients in the facility, including attending physicians and nonphysician providers; and (ii) The interdisciplinary team adheres to the discharge and transfer policies and procedures specified in § 494.180 (f) Figure 1 . | Example of a dialysis catheter removal tracking tool. Adapted from references 9,10.
inserted and catheter removed. Medical directors must also ensure that the dialysis clinic has systems in place to track dialysis catheter infections. One such tool is the Fistula First infection tracking log (8) . Medical directors must also ensure that the steps required for catheter removal are followed systematically ( Figure 1) (9, 10) . Given their overwhelmingly high rates of infection, noncuffed catheters should be avoided.
Implement the CDC "Scrub the Hub" Protocol. The CDC recommends using a "scrub the hub" protocol as a method to reduce the likelihood of bloodstream infection in patients receiving HD via a central venous catheter (11) . The procedure involves using one of several acceptable antiseptics, including .0.5% chlorhexidine gluconate (CHG) with alcohol, 70% alcohol, or 10% povidone-iodine. After application, the solution should be allowed to dry completely to impart maximal effect. The effect might be enhanced if an antiseptic pad is used rather than a swab or other delivery system because a pad can conform to the surface irregularities of the catheter. Particular attention should be paid to the catheter hub and its connecting limb, both of which are "scrubbed" starting at the catheter hub (with caps removed) and ensuring that the threads are cleaned of any residual debris or blood. The scrubbing action then continues to move along the catheter limb in a direction toward the patient and away from the open threaded end of the hub. If vascular access related infection or the blood stream infection rates are unacceptably high, medical directors should review clinic policies and practice and recommend changes as indicated.
Care of the Fistula or Graft and Skin Preparation for Dialysis. Patients should learn the CDC's "6 Tips for Preventing Dialysis Infections": (1) Take care of your dialysis access site at home. Avoid scratching or picking it; (2) know the steps your health care providers should take when using your dialysis access for treatment; (3) wash your hands often, especially before and after dialysis treatment; (4) know the signs and symptoms of infection and what to do if you think you might have an infection; (5) know what to do if you have any problem with your dialysis access site; (6) wash or cleanse your dialysis access site before treatment (7) . The importance of patient hand and arm washing deserves continuing emphasis (12) .
The skin overlying a fistula or graft may be prepared for cannulation using povidone iodine, CHG, sodium hypochlorite, or alcohol. Table 2 compares their characteristics (13) (14) (15) (16) (17) (18) (19) . The CDC recommends using "an alcohol-based chlorhexidine (.0.5%) solution as the first line skin antiseptic agent for central line insertion and during dressing changes" (18) . Some studies suggest that CHG is more effective than other agents (20) (21) (22) (23) (24) (25) , but this finding is not definitive; the choice of agent is less important than strict adherence to the procedure of its application (20) . CHG is particularly attractive in the dialysis setting because it dries so quickly. CHG may be used for skin preparation before catheter insertion, during catheter exit site care, and during catheter limb/hub care. Unfortunately, many patients and facilities limit its use because of adverse reactions ascribed to CHG. The rate of true allergic reactions to CHG is ,5% (26, 27) . If facilities experience higher rates, episodes of generalized skin irritation are probably being classified as true allergic reactions (see Table 3 ) (28) . In patients suspected of having a reaction to CHG, rechallenge with CHG on a nonaccess site may be warranted. Medical directors need to know how vascular accesses are PVP-I, povidone iodine. a Dry sites: sites not occluded by skin or other surfaces and with free access to air circulation, such as the forearm, chest wall, and neck (13) . b Moist sites: sites occluded by skin or other surfaces and without free access to air circulation, such as the axilla, groin, and abdominal wall under a large pannus of skin (13) . c Preferably with alcohol (18) . d Sodium hypochlorite 0.55% is also approved for catheter hub care. Carefully wrap each port in gauze that is freshly saturated with NaOCl. Leave each port wrapped for at least 1 minute. Remove gauze and initiate hemodialysis (19) . e Saturate a 434 pad with NaOCl and cleanse the exit site starting at the center and moving in a circular motion outward to a radius of at least 2 inches from the center. Repeat with a new NaOCl-saturated 434 pad.
managed in their clinics. They should review the choice of topical disinfectant, design a protocol for skin disinfection that adheres to guidelines, ensure that patients are not experiencing an increased incidence of adverse events, and ensure that patients and dialysis staff are following policy. Any areas of concern should be reviewed and addressed in QAPI.
Immunization and Screening Issues
Routine Screening. The CMS 2008 CfC adopt the CDC 2001 recommendations regarding screening for hepatitis B virus (HBV) infection and immunity. Following these recommendations, individual by individual, for a large population of patients is a complex enterprise. Medical directors should consider developing a program of regular audits and review these finding in QAPI. HBV surface antigen may occasionally appear as a false-positive test result following influenza and hepatitis B immunizations (29, 30) . Testing for HBV surface antigen within 4 weeks of immunization for hepatitis B increases the risk for a false-positive result (31) . The presence of rheumatoid factor may produce falsenegative results (32, 33) . The availability of nucleic acid testing may be helpful in selected cases but may also create further uncertainty (34) .
HBV seroconversions, a major problem in the early 1970s, have become a rare event in dialysis facilities, but hepatitis C virus (HCV) transmission remains an important problem. The CDC 2001 recommendations included screening for HCV antibody every 6 months in patients lacking antibody and thus free of infection. Notably, CMS did not adopt hepatitis C screening in the 2008 CfC, giving the dialysis medical directors and governing bodies a choice of what approach to adopt. If a policy of less than universal screening is adopted, it may be prudent to consider the CDC's more recent recommendation for universal screening among individuals born between 1945 and 1965. Whatever level of screening for hepatitis C is adopted, it is prudent also to include universal testing of alanine aminotransferase in monthly blood work and to investigate unexplained elevations. Both HBV and HCV are reportable, and seroconversions should also prompt a thorough internal root cause analysis (35) .
Although the 2008 CfC do not speak to screening for tuberculosis (TB), the interpretive guidelines for surveyors require that dialysis facilities record the history of tuberculosis testing; page 190 of the Interpretive Guidance column of the document quotes a CDC recommendation that dialysis patients "[b]e tested at least once for baseline tuberculin skin test (TST) results and re-screened if TB exposure is detected. Chest x-rays may be used for individuals for whom the TST is not an option" (36) . IFN-g release assays have sensitivities similar to that of TSTs (37) and may be better than chest radiography. Although their optimal role in a TB prevention strategy has not been established, they can be used as an adjunct to TST in certain circumstances, such as in patients or employees who have previously been treated with bacillus Calmette-Gué-rin (38) . Because dialysis patients are at increased risk for progression of latent infection to active TB, their identification is an important part of targeted testing for TB infection and treatment. According to the CDC, "patients with ESRD who need chronic dialysis should have at least one test for M. tuberculosis infection to determine the need for treatment. Annual re-screening is indicated if ongoing exposure of ESRD patients to M. tuberculosis is probable" (39) . Medical directors should review their clinic's TB infection control program annually. The CDC's TB risk assessment worksheet (40) is a helpful tool.
Vaccination. HBV vaccination is recommended for all susceptible patients undergoing long-term dialysis. In general, vaccinating patients with CKD before dialysis initiation produces higher antibody titers and seroprotection rates than vaccinating patients who have already begun dialysis (41) . Vaccination, coupled with environmental controls, is the best method for preventing the spread of HBV within the dialysis clinic. Medical directors must ensure that their clinics have programs in place to monitor the administration of hepatitis B vaccine to all patients. Figure 2 is an example of a hepatitis B tracking form. These results should be reviewed in QAPI. Medical directors must also ensure that the clinic does not assign staff who are susceptible to HBV infection to care for patients who are HBV surface antigen positive. Furthermore, a nurse or technician participating in the treatment of a HBV surface antigen-positive patient cannot provide simultaneous care to patients who do not have adequate titers (.10 international units) of HBV surface antibody. Medical directors should spot-check staff assignments to ensure that these rules are being followed. Special attention should be given to the temporary staffing coverage that occurs during meal and shift breaks when these rules may be more likely to be violated. The sensitivity of available HBV surface antigen assays is increasing, and it may behoove medical directors to ask their laboratory which assay it uses (42) .
Routine annual influenza vaccination is recommended for all persons aged 6 months and older. Until recently, all patients received a trivalent vaccine that was designed to protect against two strains of influenza A and one strain of influenza B. Epidemics of influenza B occur every several years in patients of all ages and are much more difficult to predict than influenza A strains. In 2013 a quadrivalent influenza vaccine containing two strains of influenza A and two strains of influenza B was made available (43) . It is hoped that the newer quadrivalent products will provide additional influenza protection. Older adults have decreased antibody response to influenza vaccination (44) . Studies performed in patients aged 65 years and older have shown that high-dose vaccines containing four times the standard amount of antigen elicited a substantially higher immune response (45) (46) (47) . Although no controlled trials have assessed these vaccines in the HD population, newer formulations (quadrivalent and high-dose) can be considered for use in the HD population. Although vaccine effectiveness varies from year to year, depending on the match between the vaccine strains and the strains that turn out to be prevalent, it is reasonable to estimate that vaccination may reduce the risk of death from influenza by 50% (48) (49) (50) . Patients may casually decline vaccination without fully understanding its small risks and substantial benefits. Because vaccination is performed on behalf not only of the individual being immunized but also the public, it is appropriate for medical directors to personally speak with any patients who have declined vaccine to try to persuade them to change their minds.
By the very nature of their work, health care workers (HCWs) are at increased risk for contracting influenza and for transmitting it to their dialysis patients, a group at high risk for morbidity and mortality from influenza. Although some voluntary HCW vaccination programs have achieved sufficiently high vaccination rates, there is now a trend toward mandating universal influenza vaccination of HCWs, with individuals who are not able to receive the vaccine because of medical contraindications or who decline vaccination being required to wear masks while working with patients during the influenza season. This movement is supported by many professional societies, including the American College of Immunization Practices (ACIP), the Infectious Diseases Society of America, the Society for Healthcare Epidemiology of America, the Pediatric Infectious Diseases Society, and others. According to the CDC, only 72% of HCWs reported being vaccinated against influenza for the 2012-2013 season (51) . Although this represents an increase from the previous year (67%), it is far lower than rates seen for physicians (92%) or HCWs (97%) in settings with mandatory vaccination requirements. In view of the fragility of dialysis patients, medical directors should consider universal influenza vaccination; the fact that an increasing number of major medical centers require this of their employees may make it more acceptable. Medical directors should consider whether patients who decline or are unable to receive vaccination should also be subject to the requirement to wear a mask during influenza season.
Streptococcus pneumoniae (pneumococcus) is a leading cause of serious illness in adults. Adults with high-risk medical conditions are at increased risk for invasive pneumococcal disease. The ACIP now recommends that dialysis patients be vaccinated with both the PPSV23 vaccine (Pneumovax, traditionally used in adults) as well as the PCV13 vaccine (traditionally used in children, marketed as Prevnar) (52) . This recommendation comes from 2010 data showing that half of the cases of invasive pneumococcal disease among immunocompromised adults were caused by pneumococcal serotypes contained in the PCV13 vaccine and another almost quarter of the cases were caused by serotypes contained in the PPSV23 vaccine. In pneumococcal vaccine-naive patients, ACIP recommends that adults aged 19 years and older who have not previously received PCV13 or PPSV23 should receive a dose of PCV13 first, followed by a dose of PPSV23 at least 8 weeks later. Subsequent doses of PPSV23 should follow the current PPSV23 recommendations. In patients who were previously vaccinated with PPSV23, ACIP recommends that adults aged 19 years and older should be vaccinated with PCV13 at least 1 year after the last PPSV23 dose was received. For those who require additional doses of PPSV23, the first such dose should be given no sooner than 8 weeks after PCV13 and at least 5 years after the most recent dose of PPSV23. Medical directors should review the clinic's policies regarding pneumococcal vaccination to see whether they have been modified according to ACIP recommendations.
Dialysis Clinic-Specific Issues Hand Hygiene
Hand hygiene is the cornerstone of infection prevention. Medical directors must ensure the proper use of handwashing sinks and waterless hand sanitizers, by setting an Table 4 . Hand hygiene opportunities in dialysis Before and after entering the dialysis treatment area Before and after touching a patient or their belongings Before injecting or infusing a medication Before cannulating a fistula/graft or accessing a catheter After touching blood, body fluids, mucous membranes, wound dressings, or dialysis fluids (e.g., spent dialysate) After touching medical equipment or other items at the dialysis station After removing gloves Adapted from references 53, 54. example, publically asking other physicians and staff to comply, and requiring random audits of staff adherence to appropriate hand hygiene opportunities (Table 4 ) (53,54). Proper use of soap, paper towels, and hand sanitizer should be audited regularly. Examples of audit tools are available from the World Health Organization (55) and the CDC (56) . Results of these audits should be reviewed at the monthly clinic QAPI meeting. As clinic leaders, it is essential that medical directors clean their hands before and after contact with each patient, and work to ensure that other nephrologists in the clinic follow suit (57, 58) . They should insist that policies and procedures require that when the patient is suspected or documented to have Clostridium difficile infection, soap and water must be used at all times (59): alcohol-based hand-sanitizers do not kill the spores (60, 61) . Hand washing is not trivial: staff must demonstrate proper methods for hand washing and use of waterless hand sanitizer. The World Health Organization's "Hand Hygiene: Why, How & When?" brochure (62) is a helpful resource.
HCWs must wear gloves and other personal protective equipment (PPE) (see the CDC "Sequence for Donning and Removing Personal Protective Equipment" poster [63] ) when engaged in any activity that may result in contact with blood or body fluids (Table 5 ) (53). If staff cannot properly perform hand hygiene or use PPE, medical directors must ensure that programs are put in place to correct these issues. Assuring hand-cleaning competence or PPE use could be appropriate quality improvement projects.
Environmental Disinfection
Proper cleaning and disinfection reduce the risk of spreading infections. Cleaning involves the use of water, a detergent, and friction to remove surface dirt and protein-containing materials and to prepare the surface for disinfection. Disinfection reduces the number of microorganisms and is optimized when applied to a clean surface. Surfaces that are not cleaned allow microorganisms to "hide" from the disinfectant within the layers of dirt and protein. Medical directors should ensure that the clinic is using an Environmental Protection Agency-registered hospital-grade disinfectant (64) and following the manufacturer's instructions for dilution and contact time (65) . To prevent contamination of the stock solution, the solution should be changed frequently, and used disinfection cloths should not be submerged in the solution. Bleach is the most commonly used disinfectant in dialysis units. If bleach is being used, medical directors should ensure that it is Environmental Protection Agencyregistered hospital-grade bleach (65) . They should also ensure that their clinic correctly prepares the diluted solution and that each batch is dated and timed.
Particular attention should be paid to high-touch areas and all aspects of the dialysis station, including BP cuffs, television controls and remote control devices, machine If medical directors are involved in the construction of a dialysis clinic, they should ensure that the chosen surfaces are smooth, nonporous, easy to clean, and compatible with hospital-grade cleaners and disinfectants. A cleaning schedule is needed for all items and areas. Medical directors should periodically walk through and inspect the clinic. They should ensure that any worn, stained, torn, or cracked items are replaced. Cloth furnishings and carpeting are not recommended in patient care areas, and if these are chosen, medical directors should ensure that the clinic has a process to keep these items clean and maintained.
Dialysis Equipment
Nondisposable equipment used in the dialysis clinic must be disinfected according to the manufacturer's directions for use. These include dialysis machines, water treatment and distribution systems, acid and bicarbonate jugs, mixing and distributing systems, dialyzers and dialyzer reprocessing equipment, oxygen tanks and oxygen concentrators, centrifuges, pipettes and other laboratory equipment, BP cuffs, stethoscopes, and vascular clamps. Equipment differs between manufacturers. For example, some dialysis machines have a waste handling option, while other have a priming bucket. Each requires different procedures to prevent the spread of potentially infectious material. Nondisposable items that are taken into a patient's HD station must be dedicated for single-patient use or disinfected before being used on another patient. Items that cannot be disinfected should be dedicated for single-patient use (53).
The Association for the Advancement of Medical Instrumentation (AAMI) standards state that dialysis water samples must be collected throughout the distribution loop, including where the water enters a mixing tank, where a dialysis machine connects to the water distribution loop, and from a point in the distal segment of the loop. Samples must be assayed within 4 hours of collection or immediately refrigerated. Samples must be sent for culture and endotoxin with water treatment disinfection conducted if an action level is exceeded. Although the AAMI standards were revised in 2009, the CMS 2008 CfC only require dialysis facilities to comply with the 2006 standards (67,68) ( Table 6) . Ultrapure dialysis fluid, not required by regulation, requires a dialysate total viable microbial count ,0.1 colonyforming units/ml and endotoxin levels less than 0.03 EU/ml (67) . Medical directors should review and sign (as evidence that they have reviewed) their clinic's culture and endotoxin results during QAPI. These data should be examined for trends, with corrective action plans initiated as appropriate.
Modified Contact Precautions
Multidrug-resistant organisms (MDROs) are microorganisms, usually bacteria, that are resistant to one or more classes of antimicrobial agents (Table 7 ) (69). These pathogens can be gram-positive (such as resistant Staphylococcus aureus), gram-negative (such as b-lactamase-producing Pseudomonas aeruginosa), or fungal (resistant Candida species). Patients who are colonized or infected with an MDRO require special attention to prevent the spread of these microorganisms to others. The first case of methicillin-resistant S. aureus (MRSA) was identified in the United Kingdom in 1961 (70) . Since then, controlling the spread of MRSA has become a health care priority. This is especially true in dialysis patients, whose rate of invasive MRSA infections is 100 times higher than that in the general population (71) . The major determinant of the rise in MDROs is patient-topatient transmission, usually by HCW hands. Unlike hospitals or other skilled nursing facilities, most dialysis units do not have the ability to isolate these patients. Given these constraints, additional precautions for patients at increased risk for transmitting infection are warranted. These "modified contact precautions" (Table 8 ) include use of a dedicated gown over clothing in caring for patients with MDRO infections and removal of this gown when finished (72). Patients with MDROs should be dialyzed at an end-station or in the corner of the dialysis unit to minimize the number of adjacent stations. Medical directors should be aware of all patients with MDRO infections who are undergoing dialysis. They should consider the use of these modified contact precautions if the rates of MDRO infections in their clinic are unacceptably high.
Isolating and Cohorting Patients
The only patients whom regulation requires that dialysis facilities treat in isolation are those who test positive for the HBV surface antigen. Dialysis nurses and technicians treating these patients may not at the same time treat a susceptible patient, one who lacks surface antibody. Incident patients who have not yet been shown, by a recent result, to test negative should be isolated using the same policies and procedures-such as dedicated equipment, dedicated gowns for staff, terminal disinfection of the dialysis machine after treatment-but not receive dialysis in the HBV isolation room. Given the low prevalence of HBV surface antigen positivity, the incident patient is statistically more likely to be surface antigen negative, and administering dialysis to them in the HBV isolation room puts them at risk of acquiring HBV infection. In the absence of an adequate titer of HBV surface antibody, it is logical to require a negative HBV surface antigen result within the past 30 days in prevalent patients. In the presence of a documented history of adequate antibody titers, it might seem reasonable to accept an incident patient who had an older negative antigen result drawn more than 30 days earlier. However, the CDC "Recommendations for Preventing Transmission of Infections Among Chronic Hemodialysis Patients" states: "among hemodialysis patients who respond to the vaccine, protection against HBV is not maintained when antibody titers fall below protective levels" (73) . Therefore, medical directors who wish that their clinic accept an incident patient lacking adequate antibody titers and a negative hepatitis B surface antigen result within the past month should personally review the serologic data or should order isolation until new results are available.
Dialysis clinics that were built before February 9, 2009, or have been granted a waiver may have an isolation "area" rather than isolation "room." In such cases, the ESRD Program Interpretative Guidance states that the "area used for HBV surface antigen positive patients must be separated from other stations by a space equivalent to the width of one hemodialysis station" (74) . In clinics with an isolation area, medical directors should strongly encourage their dialysis provider to create an isolation room, which is the better method for managing patients with HBV surface antigen.
Experience in facilities having a high prevalence of HCV shows that cohorting or isolation of patients with HCV is associated with a reduction in seroconversions of susceptible patients (75) (76) (77) . It is not known whether the effect would be similar in a clinic that carefully observes all CDC recommendations for infection prevention. In any event, no United States authority has recommended isolation or cohorting of HCV-positive patients. Medical directors should review all newly identified cases of HBV and HCV infection and consider whether evidence shows a breach in infection prevention practice.
As noted above, patients with MDROs as well as those infected with or suspected of having C. difficile should undergo dialysis at an end-station or in the corner of the dialysis unit to minimize the number of adjacent stations.
Antibiotic Stewardship
The rising prevalence of MRSA has been accompanied by the increased use of vancomycin. The pharmacokinetic profile of vancomycin has made it the antibiotic of choice for suspected gram-positive bacterial infections in the dialysis population. Unfortunately, the common and often indiscriminant use of vancomycin has led to resistance. In 1997, the CDC reported the first S. aureus strains exhibiting reduced susceptibility to vancomycin. These vancomycinintermediate S. aureus specimens were isolated from peritoneal dialysis patients in Michigan and New Jersey (78) . In 2002, the first case of vancomycin-resistant S. aureus was identified in an HD patient (79) . That same year the CDC launched its "Campaign to Prevent Antimicrobial Resistance." This initiative focuses on the use of narrow-spectrum yet effective antimicrobial treatment of documented infections by identifying the organism and susceptibilities to optimally target treatment and limiting use of broad-spectrum antimicrobials.
Medical directors should ensure that processes are in place to track microbiologic culture results, resistant organisms, and antibiotic administration. Most laboratories that process microbiologic samples routinely perform antimicrobial susceptibility testing for bacterial pathogens, and aggregate these cumulative susceptibility testing results into a summary table, or antibiogram ( Figure 3) . The antibiogram can be used as the community reference guide to determine local microorganism resistance patterns. A member of the dialysis unit infection prevention team should collaborate with the local laboratory to regularly update the antibiogram. Medical directors should review the dialysis unit's culture results, patterns of antimicrobial resistance, use of empirical antimicrobial agents, and the appropriateness of antimicrobial administration.
Putting It All Together Creating an Infection Prevention Program
Establishing an infection prevention committee is the first step in preventing the spread of infection within a dialysis unit. This review and the referenced audit tools should provide the elements to start a comprehensive infection prevention program. Many of the items may be familiar to medical directors but not to other members of the infection prevention team. At a minimum, this committee should include the medical director (serving as its leader), the nurse manager of the dialysis clinic, and a member of the biomedical department. The committee should develop and review policies as well as monitor the dialysis clinic for infections and practice patterns that might lead to the spread of infection.
The first task of the infection prevention committee should be to conduct a generalized infection prevention audit using a tool such as is provided by the CDC (80) . This audit will highlight the areas of concern within the dialysis unit. The CMS Surveyor Laminate on infection control and isolation offers another point of departure (81) . Any of the elements listed in the patient-specific and dialysis clinicspecific areas, such as hand hygiene and review of dialysis The facility must:
1. Analyze and document the incidence of infection to identify trends and establish baseline information on infection incidence 2. Develop recommendations and action plans to minimize infection transmission and promote immunization 3. Take actions to reduce future incidents charts for vaccination records, can be appropriate audits performed by the infection prevention committee. These audits and the findings of the infection prevention committee should be presented at the dialysis clinic's QAPI meetings (Table 9 ) and to the governing authority (82) . Although not mandated, the medical director may find it helpful to engage the services of a consultant infection preventionist. The expertise of these professionals in infection control and prevention can be invaluable. A collaborative relationship can help medical directors determine the status of their dialysis clinic and optimize their infection prevention program.
Conclusion
Health care-associated infections are a common yet preventable cause of dialysis morbidity and mortality. Medical directors are key leaders in infection prevention and are an important resource to implement programs to monitor and improve infection prevention practices at all levels within the dialysis clinic. Medical directors should help develop and review protocols guiding practice for tasks such as the care of patients with MDRO infections and universal vaccination to help avoid preventable health care-associated infections. They should also institute policies regarding hand hygiene, environmental and dialysis equipment disinfection, and other processes of care that will allow the clinic to optimize care for their dialysis patients.
More important, medical directors serve as role models both to clinic staff and to other health care practitioners. Medical directors must set the policy standards and lead by example. They are under the scrutiny of patients, colleagues, and dialysis staff who see whether they wash their hands, wear gloves, and disinfect their stethoscopes between patients. How can medical directors expect their patients to wash their access with soap and water before cannulation, sanitize their hands after holding their sites at the end of treatment, or consent to influenza vaccination if they and other practitioners are not following the rules themselves? Medical directors should send a consistent message to the entire dialysis community, including other practitioners, that these elements are not trivial. When other nephrologists or healthcare practitioners do not follow policies, it is the medical director who must let them know, firmly but respectfully, that this behavior will not be tolerated in the dialysis clinic. Medical directors are entrusted with the lives of all the patients that dialyze in their clinics and must protect all of them at all times.
